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Number: AG0248241506 © 2019 John Wiley & Sons, Ltd.Objectives: This study aimed to examine depression trajectories and correlates in a
nationally representative sample of middle‐aged and older adults in the United States.
Methods: The study sample consisted of 15 661 participants aged over 50 years
from the US Health and Retirement Study. Major depression was assessed using
the Composite International Diagnostic Interview (CIDI‐SF). Depression trajectories
were identified using a group‐based trajectory modeling enhanced to account for
nonrandom attrition. Multinomial logistic regression was conducted to investigate
predictors of depression trajectories.
Results: Four depression trajectory groupswere identified: “never” (85.8%), “increas-
ing” (6.3%), “decreasing” (3.2%), and “persistently moderate/high” (4.7%). Baseline
depressive symptom severity was a strong predictor of depression trajectories. Older
age, male sex, and non‐Hispanic African American race were associated with a lower
risk of the three trajectories with small to high depression burden, whereas chronic dis-
ease count was associated with a higher risk of these trajectories. The risk of being on
the increasing trajectory increased with mobility difficulties. Difficulties in household
activities predicted membership in the persistently moderate/high group.
Conclusions: A small but nonignorable proportion of middle‐aged and older adults
have chronic major depression. Initial symptom severity and chronic disease burden
are consistent risk factors for unfavorable depression trajectories and potential tar-
gets for screening and intervention.
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Major depression occurs in 2% of adults 55 years or older1 and
increases substantially among older adults in certain health and long‐
term care settings.2 Despite being less common in late life, major
depression has a more chronic course and poorer prognosis in older
adults than in younger adults3 and causes significant disability and
impaired well‐being.4 In addition, because of age‐related increase in
the risk of cerebrovascular disease, a significant proportion of late‐life
depression may fall under the category of vascular depression, which
predicts a poorer course of depression.5wileyonlinelibrary.comEvidence from population‐based studies suggests that the long‐
term naturalistic trajectories of depressive symptoms are heteroge-
nous across the life span, with most people experiencing few or no
symptoms and a notable minority experiencing persistent symp-
toms.6 Studies focused on older adults have generated converging
results and have typically identified 3–5 distinctive trajectory
groups.7-15 Trajectory groups with greater symptom burden were
associated with female sex, low income and education, limited social
support,8,10,11,16,17 functional impairment,8,9,16 physical
illnesses,8,9,12,14-16 and initial symptom severity.7,14,18 Difference in
the shape of depression trajectories by age groups has also beenInt J Geriatr Psychiatry. 2019;34:1506–1514./journal/gps
Key points
• This was the first population‐based study of long‐term
trajectories of major depression in a nationally
representative sample of middle‐aged and older adults
in the United States.
• Changes in occurrences of 12‐month major depression
followed four trajectories: never, increasing, decreasing,
and persistently moderate/high.
• Baseline depressive symptom severity was a strong and
consistent predictor of depression trajectory groups.
XIANG AND CHENG 1507reported,12,14,15 while findings regarding the impact of cognition
have been mixed.8,9,19
Previous studies have focused on examining the course of depres-
sive symptoms and have rarely investigated the naturalistic long‐term
trajectories of major depressive disorder in older adults, the prognosis
of which is generally worse than that of minor depression.20 Most
long‐term follow‐up studies of depressive disorders have involved
mixed‐age samples from specialty psychiatric inpatient or outpatient
settings. Many older adults with depression do not seek treatment,
and those who do may represent a more serious form of the disorder.
For this reason, a population‐based sample is considered the best data
source for the study of natural development of depressive disorders.21
One of the first population‐based studies of the long‐term natural
course of major depression, the Baltimore Epidemiologic Catchment
Area Follow‐up, found the course of major depression to be relatively
stable from first to later episodes, and the researchers found few
strong predictors of recovery or recurrence in a mixed‐age sample
during up to 15 years of follow‐ups.21 Another study involving a
mixed‐age sample from the Netherlands identified five distinctive tra-
jectories over 2 years among outpatients with major depression, dys-
thymia, or both, ranging from mild severity and rapid remission to
high severity and chronic course.22 Older age predicted the poorest
course in the Dutch study.22 Given the documented age differences
in the etiology, diagnostics, and prognosis of depression,23 it is unclear
whether the trajectories observed in younger adults would apply to
older adults. The few studies that focused on older adults examined
trajectories of depressive symptoms during follow‐ups among those
with major depression at baseline and did not report on the diagnostic
status of major depression during follow‐ups.24,25
The purpose of the present study was to identify trajectories of
major depression in a population‐based sample of middle‐aged and
older adults and to identify factors associated with the trajectories.
The large and representative sample and extended follow‐up periods
provided a rare opportunity to observe the long‐term naturalistic tra-
jectories of major depression in late life. On the basis of the literature,
we hypothesized a priori that there would be a large group of partici-
pants who never experienced major depression during the study
period,6 and the rest would follow three trajectories characterized
with a recovery, recurrent, and chronic course, respectively.262 | METHODS
2.1 | Data
The Health and Retirement Study (HRS)27 is a nationally representa-
tive study of people aged 51 years and older in the United States,
sponsored by the National Institute on Aging (grant number NIA
U01AG009740) and conducted by the University of Michigan. The
HRS participants include several birth cohorts with varying entry
times. For example, the initial 1992 HRS cohort, born in 1931 to
1941, was first interviewed in 1992, and the Children of the Depres-
sion (CODA) cohort, born in 1924 to 1930, was first interviewed in1998. The HRS now employs a steady‐state design, replenishing the
sample every 6 years with younger cohorts. Biennial interviews with
eligible individuals are conducted after the first baseline interview.
More information is available at the HRS website: http://hrsonline.
isr.umich.edu/.
The present study used data from 2008 through 2016 surveys (a
total of five waves) and included HRS participants aged 51 years or
older during the 2008 interview. Prior waves were not used because
the HRS did not continuously administer the key depression measure
of interest before 2008. A total of 17 217 participants responded to
the 2008 interview, including 1140 proxy respondents who did not
receive the depression assessment. Excluding proxies (n = 1140), per-
sons with missing data on the key depression measure (n = 4), and per-
sons younger than 51 years of age (n = 412), the final study sample
consisted of 15 661 middle‐aged and older adults, with up to five
interviews per person. Not all participants had five rounds of inter-
views due to attrition.
This study was a secondary data analysis of de‐identified public
data involving adults and was deemed as exempt human subjects
research by the University of Michigan Institutional Review Board.2.2 | Measures
2.2.1 | Major depression
The World Health Organization's Composite International Diagnostic
Interview (CIDI) is a fully standardized structured diagnostic interview
designed for assessment of psychiatric disorders through large surveys
with trained lay interviewers. The full CIDI has been validated against
a trained clinical interviewer.28 The HRS included a short‐form version
of CIDI (CIDI‐SF) for major depressive episode (MDE) that approxi-
mates the diagnosis given by the full CIDI.29 Unlike the full CIDI,
which asks about lifetime experience, the CIDI‐SF probes intensity
and duration of symptoms of dysphoria and anhedonia in the past
12 months. CIDI‐SF had a specificity of 93.9% and a sensitivity of
89.6% compared with the full CIDI.28 A score of greater than or equal
to 5 on the CIDI‐SF indicates five or more depressive symptoms in the
same 2‐week period over the last 12 months, which corresponds to
1508 XIANG AND CHENGthe third edition of the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM‐III‐R) criteria for major depression.TABLE 1 Tabulated Bayesian information criterion (BIC) and 2ΔBIC
Number of Groups BIC Null model 2(ΔBIC)
1 −23408.24
2 −21841.36 1 3133.76
3 −21814.44 2 53.84
4 −21800.16 3 28.562.2.2 | Predictors of depression trajectories
Predictors of depression trajectories were selected based on the ear-
lier discussion of the risk factors identified from previous studies. Pre-
dictors were measured at the 2008 survey to minimize the possibility
of reverse causality. Sociodemographic factors included age, sex,
race/ethnicity, education, marital status, and household assets (sum
of all wealth components minus all debt). The physical health indicator
included total number of physician‐diagnosed health conditions
(hypertension, diabetes, heart disease, stroke, lung disease, cancer,
and arthritis). Physical functioning indictors included difficulties in
self‐care (including bathing, dressing, and eating), household activities
(instrumental activities of daily living [IADLs], including shopping for
groceries, preparing hot meals, using the phone, managing money,
and taking medications), and mobility (including walking one block,
walking several blocks, walking across a room, climbing one flight of
stairs, and climbing several flights of stairs). Having a difficulty was
indicated by answering, “yes” or “cannot do” to the question “Do
you have any difficulty with …” Cognitive functioning was assessed
using the Telephone Interview for Cognitive Status, including immedi-
ate and delayed word recall (memory test: 0‐20 points), the Serial 7s
subtraction test (working memory test: 0‐5 points), and backwards
counting (mental processing speed test: 0‐2 points).30 A summary
score of cognitive functioning ranged from 0 to 27, with a higher score
indicating better cognitive functioning. A score of 11 or below defines
cognitive impairment based on the Weir‐Langa Classifications.31 Base-
line depressive symptom severity was measured using the eight‐item
Center for Epidemiologic Studies Depression Scale (CES‐D).32 The
eight‐item CES‐D score ranged from 0 to 8, with a higher score indi-
cating more severe symptoms.
5 −21827.59 4 −27.43
6 −21855.15 5 −55.12
FIGURE 1 Depression trajectories over 8 years jointly modeled with
attrition. This figure shows the estimated probability of experiencing a
12‐month major depressive episode at each survey round for each
trajectory group. MDE = major depressive episode [Colour figure can
be viewed at wileyonlinelibrary.com]2.3 | Analysis
Trajectories of major depression were identified using a group‐based
trajectory modeling, enhanced to account for nonrandom attrition.33
The basic group‐based trajectory modeling is a specialized application
of finite mixture modeling aimed to identify clusters of individuals who
follow similar progressions of some outcome over time.34 The basic
group‐based trajectory model assumes missing at random such that
the probabilities of group membership assignment and attrition are
independent, which can lead to biased estimates of trajectory group
size when this assumption is violated.33 In the enhanced model, attri-
tion is modeled simultaneously with the trajectory group as a function
of time before dropping out using a logit distribution. Estimated prob-
abilities of dropping out are specific to the trajectory groups.
A series of models were fitted by using the ProcTraj plug‐in.35 The
best fit model was selected based on the Bayesian information criteria
(BIC), group distinctiveness and interpretability, and the average pos-
terior probability of group assignment34 greater than 0.7. Participantswere assigned to the trajectory group for which they had the highest
posterior probabilities of group membership.
After determining group membership, we conducted descriptive
statistics stratified by trajectory groups to describe and compare sam-
ple characteristics from the 2008 survey. Multinomial logistic regres-
sion was applied to predict depression trajectory group membership
as a function of the 2008 sample characteristics. The 2008 HRS sur-
vey design factors (weights, strata, and clusters) were used in descrip-
tive and regression analyses to generate nationally representative
estimates using Taylor linearization for variance estimation. Analyses
were conducted using Stata 15.1 (Stata Corp, College Station, TX).3 | RESULTS
3.1 | Depression trajectory groups
A logit model with four trajectory groups was the best fit to the data
based on changes in BIC values (see Table 1). Average posterior prob-
ability of group assignment was 0.78 (range: 0.73‐0.81) for group 1,
0.71 (range: 0.45‐0.94) for group 2, 0.87 (range: 0.53‐0.95) for group
3, and 0.91 (range: 0.55‐1.0) for group 4. As shown in Figure 1, group
1 (“never”) did not experience any 12‐month MDE during the study
period, best presenting 85.8% of the weighted sample. Group 2
(“increasing”) experienced a slight but noticeable increase in the risk
XIANG AND CHENG 1509of 12‐month MDE over time, best representing 6.3% of the weighted
sample. Group 3 (“decreasing”) captured people whose risk declined
and became free of 12‐month MDE at the end of the study period,
best representing 3.2% of the weighted sample. Group 4 (“persistently
moderate/high”) represented a group of people who maintained mod-
erate to high risk of 12‐month MDE throughout the study period, best
representing 4.7% of the weighted sample.3.2 | Sample characteristics by depression
trajectories
Depression trajectory groups differed significantly in
sociodemographic backgrounds, physical health, physical functioning,
and cognitive functioning. The “never” group had the highest share
of men, non‐Hispanic whites, and persons with a college degree; had
the highest average age and total household assets; and had the low-
est chronic disease and functional limitation counts. In contrast, the
“persistently moderate/high” group had the lowest share of non‐
Hispanic whites and persons with a college degree; had the lowest
average age and total household assets; and had the highest chronic
disease and functional limitation counts and proportion of persons
with cognitive impairment (Table 2).3.3 | Factors shaping depression trajectories
In multinomial logistic regression, baseline CES‐D score and chronic
disease count were associated with a higher relative risk of being on
the three depression trajectories (“increasing,” “decreasing,” and “per-
sistently moderate/high”) versus the “never” trajectory. The relative
risk of being on the “increasing,” “decreasing,” and “persistently
moderate/high” trajectory decreased with age and was also lower
among men than women and among non‐Hispanic African Americans
than whites. Mobility difficulties were associated with a higher relative
risk of being on the “increasing” trajectory whereas household activi-
ties difficulties were associated with a higher relative risk of being
on the “persistently moderate/high” trajectory. Cognitive impairment
was associated with a lower relative risk of being on the “increasing”
and “decreasing” trajectories (Table 3).4 | DISCUSSION
The present study is one of the first population‐based studies of the
long‐term trajectories of major depression in a nationally representa-
tive sample of middle‐aged and older adults in the United States. Most
middle‐aged and older adults did not have major depression during
the 8 years of follow‐ups, while nearly 15% had elevated risk for a
12‐month MDE during the study period. In line with previous
studies,21,36,37 few predictors significantly distinguished between
trajectory groups. Baseline depressive symptom severity was a strong
predictor of trajectories with small to high burden of depression, in
line with previous studies linking severity of index episode to
persistent depression.38,39 The risk of increasing and persistentlymoderate/high depression trajectories tended to be lower for younger
persons, men, non‐Hispanic African Americans, and persons with
higher socioeconomic status and was higher for persons with chronic
diseases and functional limitations.
Using HRS data, Liang et al12 identified six trajectories of depres-
sive symptoms assessed using the eight‐item CES‐D, with the majority
of participants suffering very few symptoms. Findings from our study
are similar in that the majority of participants did not experience 12‐
month MDE during the study period. However, in Liang et al, African
Americans were significantly more likely to be in trajectories of more
elevated depressive symptoms, whereas in our study, African Ameri-
cans were significantly less likely to be in trajectories of more elevated
risk for major depression. Difference in model specification, particu-
larly the adjustment of confounders, may explain this inconsistency.
For example, an analysis of 1996 HRS data found that although Afri-
can Americans exhibited elevated rates of major depression relative
to whites in bivariate analysis, this trend was reversed after adjusting
for potential confounders such that African Americans had a lower risk
of major depression than whites.40 Another possible explanation is
that racial difference in depression rates is dependent on the type of
depression. A population‐based study found that while prevalence of
major depressive disorder was significantly higher in whites than in
African Americans, the opposite pattern was found for dysthymic
disorder.41
Consistent with reports from previous studies,36,42 our findings
suggest that the natural course of major depression in late life is
chronic and unremitting. In a sample of older Dutch adults where
71% met diagnostic criteria for major depression at baseline, over half
of the study sample still had major depression at 2‐year follow‐up.36 A
study of older psychiatric outpatients with depression diagnosis in
Brooklyn, New York, reported even more dire outcomes: On follow‐
up interviews that ranged from 13 to 52 months, 85% of persons with
subclinical depression at baseline, 90% of persons with clinical depres-
sion at baseline, and 62% of persons in remission at baseline were
depressed.42
The significant predictors of depression trajectories identified in
our study are largely in line with those from previously cited studies.
Our study adds to the literature by showing that different domains
of functional limitations play different roles in shaping the trajectories
of major depression. Difficulty in performing household activities was
a strong predictor of having chronic moderate to high risk for MDE
whereas mobility limitation was associated with an increase in the risk
of MDE over time. Mobility limitations concerning a person's interac-
tion with their environment and capacity to control the surrounding
world, or “environmental mastery,” are one of the six main compo-
nents of psychological well‐being.43 Having a mobility limitation, par-
ticularly in the extreme cases of completely homebound individuals,
diminishes a person's environmental mastery and self‐determination,
adversely affecting their psychological well‐being. Mobility limitation
has been frequently linked to higher prevalence and incidence of
depression in older adults.44,45 Items included in our mobility difficulty
index (eg, walking across a room) are typically combined with other
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TABLE 3 Multinomial logistic regression predicting depression trajectory group as a function of baseline characteristics
Increasing vs Never Decreasing vs Never Persistently Moderate/High vs Never
RRR P value RRR P value RRR P value
Age in years .94 (.93, .95) <.001 .97 (.96, .99) .001 .92 (.91, .93) <.001
Male sex (ref. female) .66 (.51, .83) .001 .45 (.35, .58) <.001 .56 (.45, .69) <.001
Race/ethnicity F 3, 54 = 7.63, P < .000 F 3, 54 = 4.80, P = .005 F 3, 54 = 7.27, P = .001
White, non‐Hispanic Reference Reference Reference
Black, non‐Hispanic .46 (.34, .64) <.001 .64 (.44, .94) .022 .45 (.32, .66) <.001
Hispanic .86 (.64, 1.17) .326 .85 (.63, 1.16) .305 .84 (.60, 1.17) .300
Other .98 (.61, 1.56) .916 1.96 (1.22, 3.14) .006 .79 (.45, 1.40) .416
Education F 3, 54 = 0.23, P = .87 F 3, 54 = 0.80, P = .497 F 3, 54 = 1.03, P = .387
Less than high school Reference Reference Reference
High school 1.05 (.80, 1.39) .705 .78 (.56, 1.09) .143 1.06 (.73, 1.52) .769
Some college, no degree .95 (.70, 1.29) .757 .82 (.59, 1.14) .236 1.32 (.86, 2.03) .192
College graduate .98 (.70, 1.38) .913 .89 (.64, 1.24) .480 .97 (.63, 1.50) .891
Marital status F 2, 55 = 3.26, P = .046 F 2, 55 = 3.60, P = .034 F 2, 55 = 0.61, P = .548
Married or partnered Reference Reference Reference
Separated, divorced, or widowed .98 (.79, 1.22) .886 .68 (.50, .90) .009 1.13 (.85, 1.51) .391
Never married .60 (.40, .89) .013 .72 (.35, 1.51) .381 .90 (.48, 1.67) .727
Household total assets F 3, 54 = 5.18, P = .003 F 3, 54 = 5.81, P = .001 F 3, 54 = 1.13, P = .345
Low Reference Reference Reference
Lower‐middle .80 (.65, 1.00) .047 .86 (.59, 1.26) .437 .85 (.63, 1.16) .293
Upper‐middle .71 (.54, .94) .018 .98 (.68, 1.41) .922 .77 (.54, 1.08) .127
High .54 (.40, .74) <.001 .50 (.34, .75) .001 .75 (.53, 1.06) .104
Self‐care difficulties .98 (.80, 1.21) .876 1.14 (.90, 1.45) .271 1.02 (.84, 1.23) .845
Household activities difficulties 1.03 (.93, 1.15) .533 .98 (.84, 1.16) .848 1.27 (1.11, 1.44) .001
Mobility difficulties 1.09 (1.03, 1.16) .007 1.01 (.90, 1.12) .888 1.04 (.96, 1.13) .303
Cognitive impairment .64 (.50, .83) .001 .67 (.48, .92) .014 .93 (.71, 1.20) .551
Chronic disease count 1.19 (1.10, 1.28) <.001 1.13 (1.02, 1.24) .016 1.31 (1.21, 1.42) <.001
Baseline CES‐D score 1.43 (1.38, 1.47) <.001 1.27 (1.20, 1.35) <.001 1.66 (1.58, 1.73) <.001
Abbreviations: CES‐D, Center for Epidemiologic Studies Depression Scale; RRR, relative risk ratio.
XIANG AND CHENG 1511living (ADL) disability, which has been linked to unfavorable depres-
sion course in previous studies.8,16 A population‐based study in the
United States has shown that trait‐like (ie, stable traits) outdoor mobil-
ity limitation was strongly associated with persistent depressive symp-
toms over time and that increased limitation in outdoor mobility
predicted worsening depressive symptoms 1 year later.46 In another
study that looked at a sample of noninstitutionalized older adults from
Montpellier, France, having any mobility limitation that interfered with
the ability to do heavy housework, walk half a mile, and climb stairs
was associated with a four‐to‐five‐fold increase in the odds of having
increasing or chronic depressive symptoms.9 However, the French
study did not include limitations in other self‐care and household
activities in its analysis and therefore could not delineate the indepen-
dent impact of mobility limitations.
In bivariate analysis, the prevalence of cognitive impairment was
the highest in the persistently moderate/high risk group, which is in
line with the evidence that cognitive deficit is common in geriatricdepression. In multivariable analysis, however, cognitive impairment
was significantly associated with a lower risk of being on “increasing”
and “decreasing” depression trajectories. This finding appears to con-
tradict the convergent evidence that shows impairment in different
cognitive domains, such as executive function, attention, memory,
and psychomotor speed, during the acute phase of major depression.
Studies have also reported that the impairment observed in the acute
phase of depression may be long‐lasting despite reduction in depres-
sive symptoms.47 Cognitive dysfunction, particularly executive dys-
function, is common in geriatric depression and increases the risk for
poor response to antidepressants.48 However, findings on the associ-
ation between cognitive impairment and the clinical course of depres-
sion have been divergent in both clinical‐ and population‐based
samples, with some studies reporting significant associations19,49 and
some reporting null findings.8,50 Separate processes may be involved
in specific domains of cognition and response to depression treat-
ment.51 The cognitive assessments in our study primarily measured
1512 XIANG AND CHENGshort‐term memory and mental tracking, which might explain our
divergent findings regarding the role of cognitive functioning in
depression course. Missing data may be another explanation for the
unexpected finding regarding the role of cognitive impairment. CIDI‐
SF was not administered to proxies who responded to the HRS inter-
views when sample persons were unavailable, often due to an illness
or impairment. Therefore, persons with cognitive impairment are more
likely to have missing data on depression and have been excluded
from our analysis.
Our results should be interpreted in consideration of several limita-
tions. The CIDI‐SF used in the HRS assesses 12‐month major depres-
sion, not lifetime major depression. Therefore, our study provides
limited information regarding the course of depression among older
adults with a history of major depression. Our findings are best
interpreted as patterns of changes in the occurrence of 12‐month
MDE over a relatively long period in middle‐age and late‐life. More-
over, HRS interviews are administered biennially whereas CIDI‐SF
probes symptoms in the past 12 months. Occurrences of MDE outside
of the CIDI‐SF reference periods may have occurred, leading to an
overestimate of people on the “never” trajectory. Furthermore, per-
sons with cognitive impairment are more likely to have missing data.
In addition, predictors of depression trajectories were measured at
baseline. The use of distant predictors may have contributed to the
limited number of significant predictors from multivariable analysis.
Finally, a small number of participants were assigned to the decreas-
ing, increasing, and moderate/high groups, which might have made
the regression analysis underpowered to detect moderate to small
effect sizes.5 | CONCLUSION
Considering our study findings, future studies should distinguish
mobility limitations from other types of functional impairment and
investigate the mechanisms whereby mobility limitation leads to unfa-
vorable depression course. Studies using a more comprehensive cogni-
tive assessment covering executive function, attention, language, and
other domains will help clarify the association of cognitive functioning
and long‐term course of major depression in older adults. Our study
included a limited set of predictors. Future research is needed to
examine potential protective factors against unfavorable depression
course, such as social support, social connectedness, productive
engagement, and healthy lifestyle behaviors, to inform preventions
and treatments. We did not assess treatment utilization by depression
trajectories. Future studies should investigate the extent of treatment
utilization and how this affects the depression course to identify treat-
ment gaps and potential targets for service delivery innovation.ACKNOWLEDGEMENT
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